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Demonstrate Better Insect 
Control with Novel Technique of 
"Gene Pyramiding"
by Peter Seem
GENEVA, NY: En tom o log is ts  at Corne ll U n ivers ity  have 
prov ided the first experim enta l ev idence tha t breed ing p lants 
to  produce tw o  d iffe ren t p ro te ins by a p rocess ca lled "gene 
pyram id ing" de lays the deve lopm en t o f res istance in targeted  
insect pests. The  research  has im portan t im p lica tions fo r the 
long-term  pro tection  o f ag ricu ltu ra l c rops p roduced th rough  b io techno logy, particu la r ly  Bt corn and Bt cotton. 
The  team  perform ed the research  using d iam ondback  m oths, one o f the w o rld 's  m a jo r insect pests, and Bt 
broccoli.
The  paper, "T ransgen ic p lants express ing  tw o  Bacillus thu ring ien s is  (Bt) tox ins  de lay  insect res istance 
evo lu tion ," w ill be pub lished in the jou rna l N atu re  B io techno logy  on D ecem ber 1.
Bt, o r Bacillus thu ring iens is , is a type o f bacterium  tha t p roduces p ro te ins tox ic  to  m any m a jo r agricu ltu ra l 
insect pests. Bt w as  p rom oted as an env ironm en ta lly  ben ign insectic ide  by Rachel Carson  in he r 1962 book, 
S ile n t S pring . Even though it is ben ign , Bt accoun ts  fo r less than tw o percen t o f the w orld 's  insectic ides  
because o f its cost and re la tive ly  low  effectiveness. W hen plant b reeders deve loped  the te chno logy  to 
gene tica lly  eng in ee r the gene fo r Bt into a spec ific  crop, the crop itse lf becam e a very  e ffective  m ethod o f 
contro l. Bt p lan ts w ere first com m erc ia lized  in 1996, and Bt corn and Bt cotton becam e w ide ly  used 
a lte rna tives to conven tiona lly  bred corn and cotton. In 2002, Bt crops were g row n on 36 m illion  acres 
w orldw ide .
"B reed ing  p lants to exp ress Bt p ro te ins p rov ides pos itive  e conom ic  benefits  to grow ers, and health  benefits  
fo r the env ironm ent and farm  w orkers," said Tony She lton , Corne ll Un ivers ity  p ro fe sso r o f en tom o logy  at the 
New  York  S tate  Ag ricu ltu ra l Experim ent S tation , in Geneva, NY, and one o f the paper's  authors. "W e're 
m oving into the second generation  o f the te chno logy  now. A s te chn iques  have becom e m ore soph istica ted , 
te chno logy  a llow s us to pyram id tw o Bt genes in a p lant."
The  paper is the resu lt o f 10 yea rs  o f research  by She lton  and his co llabo ra to rs  to deve lop  transgen ic  p lants 
as an a lte rnative  to conven tiona l insectic ide sprays. Using dua l-tox in  broccoli p lan ts deve loped  by E lizabeth 
Earle  and Jun Cao, in the p lant breed ing depa rtm en t at Corne ll, She lton 's  lab exam ined  how  res is tance  to  the 
tw o  tox ins  deve loped  in a popu lation  o f d iam ondback  m oth a fte r 24 genera tions. Res istance w as com pared 
under severa l d iffe ren t m anagem en t stra teg ies.
"P lan ts conta in ing  tw o  Bt tox in  genes substan tia lly  de layed the deve lopm en t o f res istance com pared  to tw o 
s ing le -tox in  p lants used sequen tia lly  o r in a m osa ic," said She lton . "Regu la to ry  agenc ie s  and com pan ies  now
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shou ld  w o rk  toge the r to  p rom ote the deve lopm en t o f these  pyram id p lants and, in the long term , phase out 
s ing le gene p lants."
M athem atica l m ode ls o f insect res istance suggest tha t p lan ts w ith  genes fo r tw o d iffe ren t Bt tox in s  wou ld 
de lay  res istance longer than p lanting  a m ixtu re o f tw o s ing le -tox in  p lants in the fie ld  (called a m osa ic), or 
using tw o  s ing le -tox in  p lants sequentia lly  in crop rotation . Such  m ode ls have a lready prom pted  one com pany 
to  deve lop  a varie ty  o f co tton  tha t exp resses tw o Bt prote ins. S he lton 's  lab  p rov ides the first experim enta l 
con firm ation  o f the va lue o f dua l-tox in  plants.
S in ce  the com m erc ia liza tion  o f Bt p lan ts fo r insect contro l, there have been no instances o f insect popu la tions 
deve lop ing  res istance in the fie ld , bu t there is a constan t dange r tha t the pest spec ies  w ill deve lop  res istance 
to  the tox in , as has happened w ith  m any conven tiona l insectic ides. To he lp p reven t insects from  deve lop ing  
res istance to transgen ic  Bt crops, the EPA  has m andated  tha t a portion o f acreage next to a Bt crop be 
devoted to  w hat is ca lled a "re fuge." A  re fuge is an area in w h ich  the non -tran sgen ic  vers ion  o f the crop is 
grow n. T h is  area a llow s som e suscep tib le  insects to surv ive so tha t the gene tha t en codes fo r res is tance  does 
not becom e abundant in the insect popu lation.
In add ition  to p rov id ing bette r res istance m anagem ent, p lants w ith  pyram ided genes fo r Bt p ro te ins require 
less space set as ide as re fuge, w h ich  he lps g row ers  (fo r whom  a re fuge can rep resen t a s ign ifican t portion  o f 
the crop dam aged) get a g rea te r return fo r th e ir acreage. Preventing  insect res istance a lso ex tends the useful 
life o f Bt crops, w h ich  he lps m anu factu rers  and grow ers.
"We have based res istance m anagem en t p rogram s in the United S ta tes  on som e pretty  solid theory, but 
She lton  and his team  have g iven us very  usefu l data," said Fred Gou ld , p ro fe sso r o f en tom o logy  at North 
Caro lina  S tate University, and a lead ing expe rt on Bt crops. "Th is research  shou ld  m ake the EPA and 
com pan ie s  m ore open to deve lop ing  pyram ided o r dua l-tox in  p lants."
"Th is w o rk  has im portant im p lica tions in the U.S., but a lso in Austra lia , India and Ch ina, w here  m illions o f 
acres  o f the cotton crop con ta in s  Bt," adds Jian -Zhou  Zhao, the paper's  first author.
"Using m ore Bt crops and less insectic ide  are env ironm en ta lly  and people fr iend ly  stra teg ies  in pest contro l," 
said She lton . "The next step in ou r research program  is to  extend the crop 's  usefu l life by having p lants 
exp ress  the Bt p ro te ins on ly w hen the crop is m ost suscep tib le  to insect dam age."
Th is  research  w as funded  by the U SD A 's Nationa l Research In itia tive  Com petit ive  G ran ts Program .
# # # #
Search  all NYSAES press re leases
Search
Home | About Us | Academics | Commodity & Diagnostic Help | Departments & Units 
News & Events | Public Outreach | Publications | Station Life
New York State Agricultural Experiment Station, 630 West North Street, Geneva, New York 14456
Telephone: 315.787.2011
v A t f V v
Last Modified: December 2, 2003 
Comments to: webfeedback

